Association between renal insufficiency and malnutrition in older adults: Results from the NHANES III  by Garg, Amit X. et al.
Kidney International, Vol. 60 (2001), pp. 1867–1874
Association between renal insufficiency and malnutrition
in older adults: Results from the NHANES III
AMIT X. GARG, PETER G. BLAKE, WILLIAM F. CLARK, CATHERINE M. CLASE, R. BRIAN HAYNES,
and LOUISE M. MOIST
Department of Clinical Epidemiology and Biostatistics, McMaster University, Hamilton; Department of Medicine,
University of Western Ontario, London; Department of Medicine, Dalhousie University, Halifax;
and Department of Medicine, McMaster University, Hamilton, Ontario, Canada
Association between renal insufficiency and malnutrition in Recent clinical guidelines have stressed the importance
older adults: Results from the NHANES III. of learning more about the epidemiology and associa-
Background. The extent to which relevant confounding vari- tions of malnutrition in patients with chronic renal insuf-
ables influence the recognized association between renal insuf-
ficiency [1]. Renal insufficiency is common in older adultsficiency and malnutrition is not known. This study examined
[2]. In end-stage renal disease, the prevalence of protein-whether renal insufficiency was associated with malnutrition,
energy malnutrition is high (16 to 54%), and its presenceindependent of relevant demographic, social, and medical con-
ditions in noninstitutionalized adults 60 years of age and older. is a predictor of morbidity (impaired wound healing, sus-
Methods. Participants (5248) in the United States Third Na- ceptibility to infection, fatigue, poor rehabilitation) and
tional Health and Nutrition Examination Survey (NHANES mortality [3–6]. Cross-sectional studies in tertiary-care
III, 1988 to 1994), a cross-sectional study, were examined in a
patients with renal insufficiency have documented lowermultivariate logistic regression model. Participants were strati-
levels of calorie and protein intake in patients with lowerfied into three groups of glomerular filtration rate (GFR) by
glomerular filtration rate (GFR) [7–10]. Similar data forserum creatinine. Dietary and nutritional factors were estimated
from 24-hour dietary recall, biochemistry measurements, an- general community-dwelling older adults are not avail-
thropometry, and bioelectrical impedance. Participants were able.
malnourished if they demonstrated at least three of the follow- Explanations for an association between renal insuffi-
ing five criteria: (1) serum albumin 37 g/L, (2) male weight ciency and malnutrition are multifactorial. Unique bio-
63.9 kg, female weight 51.8 kg, (3) serum cholesterol 4.1
logical mechanisms operating in renal insufficiency pro-mmol/L, (4) energy intake 15 kcal/kg/day, and (5) protein
posed to contribute to the development of malnutritionintake 0.5 g/kg/day.
Results. A GFR 30 mL/min/1.73 m2 was present in 2.3% include decreased intake (anorexia in uremia, altered taste
of men and 2.6% of women; these participants demonstrated [11]), inflammation [12, 13], and metabolic and hormone
low energy and protein intake and higher serum markers of disturbances [14]. However, underlying conditions and
inflammation. Thirty-one percent of individuals with malnutri- treatments associated with renal failure (such as diabetic
tion demonstrated a GFR60 mL/min/1.73 m2. In multivariate
gastroparesis and congestive heart failure) also may pre-analysis, a GFR30 mL/min/1.73 m2 was independently associ-
dispose to malnutrition. Furthermore, demographic andated with malnutrition [odds ratio 3.6 (2.0 to 6.6)] after adjust-
social factors such as age, education, and poverty mayment for relevant demographic, social and medical conditions.
Conclusions. It is probable that renal insufficiency is an im- be important characteristics that predispose patients to
portant independent risk factor for malnutrition in older adults. both renal insufficiency [15] and the development of
Malnutrition should be considered, prevented, and treated as malnutrition. The extent to which these relevant con-
possible in persons with clinically important renal insufficiency. founding variables influence an independent associationThese results should be confirmed in a prospective longitudinal
between renal insufficiency and malnutrition has notcohort study.
been characterized to date.
The purpose of the present study was to determine
(1) prevalence estimates for nutritional factors and asso-Key words: chronic renal insufficiency, end-stage renal disease, uremia,
anorexia, inflammation, renal failure, nutritional disorders, nutrition ciated conditions, stratified by levels of GFR, and (2)
surveys, cross-sectional studies, risk. whether renal insufficiency was associated with malnutri-
tion, independent of relevant demographic, social, andReceived for publication January 4, 2001
medical conditions in a sample representative of the U.S.and in revised form June 1, 2001
Accepted for publication June 5, 2001 general non-institutionalized population, 60 years of age
and older. 2001 by the International Society of Nephrology
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METHODS protein, and water intake were assessed by recall [21].
Standard body weight was based on healthy AmericansStudy design, setting and participants
of similar sex, height, age range, and skeletal frame size
The Third National Health and Nutrition Examination using the NHANES II data as reference. Body fat was
Survey (NHANES III) sponsored by the United States assessed from average skinfold caliper (midthigh, midarm,
National Center for Health Statistics was a cross-sec- subscapular, and suprailiac; 84% of participants had 4
tional survey conducted from 1988 to 1994. The data complete measurements). To assess skeletal mass, cor-
from this survey are available in the public domain and rected arm girth (CAG) and corrected thigh girth (CTG)
provided the opportunity for the independent analysis were calculated from the limb circumference and subcu-
reported here. The survey utilized a nationwide stratified, taneous adipose tissue thickness by the following equa-
four-stage, area probability sample representative of the tion: corrected girth  limb circumference (cm)  [lo-
U.S. civilian non-institutionalized population. Non-His- cation skin fold thickness (cm)]. Skeletal mass also was
panic blacks, Mexican-Americans, and the older people measured by bioelectrical impedance and estimated from
were over-sampled to improve accuracy in subgroup esti- a predictive equation validated with magnetic resonance
mation. Sets of sampling weights were applied to the imaging [22] [skeletal mass (kg) [(height2 (cm)/R (bio-
data, to adjust for non-response and over-sampling. electrical resistance in ohms) 0.401) (sex 3.825)
There were approximately 40 million older noninstitu- (age [years)  ( 0.071))  5.102] where for “sex”
tionalized civilian persons living in the United States men  1 and women  0. Serum albumin was measured
during this time (16% of the population), consisting of by the bromcresol purple method. Serum cholesterol was
36% non-Hispanic white men, 49% non-Hispanic white measured enzymatically. The participant perceiving that
women, 3% non-Hispanic black men, 5% non-Hispanic they were underweight and wishing to gain weight de-
black women, 1% Mexican American men, 1% Mexican fined self-report of being underweight.
American women, and 5% of other ethnicity. Fifty per- Composite of protein energy malnutrition. No single
cent were aged 60 to 69, 35% aged 70 to 79, and 15% measure provided a complete overview of protein-energy
aged 80 years and over. nutritional status. Based on data availability, the authors
Data collection for the survey occurred in two steps. defined malnutrition a priori by the presence of at least
A standardized health interview was conducted in the three of the following five criteria, representing different
home, and within the subsequent four weeks a standard- dimensions of nutritional assessment: (1) serum albumin
ized medical examination, and a series of laboratory tests 37 g/L (3.7 g/dL) [23], which has been associated with
were conducted, either in a mobile examination center an approximate twofold increase in mortality in older
or in the home of those participants who were unable adults. In numerous longitudinal studies, low serum albu-
to visit the center. Demographic information was col- min has also been associated with increased mortality in
lected for all persons 60 years and over invited to partici- end-stage renal disease. (2) Male weight 63.9 kg (141
pate (N  8375), and of these 79% were interviewed pounds) or female weight 51.8 kg (114 pounds), which
(N  6596), 68% were examined (N  5724), and 63% has been associated with an approximate twofold in-
had a measurement of serum creatinine (N  5248). crease in mortality in older adults [23]. In longitudinal
Reasons for non-response were multifactorial. studies, low body weight, similar to low body mass index,
has been associated with increased mortality in end-stage
Measurements renal disease [24]. (3) A total serum cholesterol 4.1
Estimated glomerular filtration rate. Participants were mmol/L (159 mg/dL) [7]. In longitudinal studies, low
stratified into three groups by glomerular filtration rate serum cholesterol has been associated with an approxi-
(GFR;30, 30 to 60, and60 mL/min/1.73 m2) based on mate twofold increase in mortality in end-stage renal
serum creatinine, using cut-off points validated against disease [5]. (4) A reported energy intake 15 kcal/kg/
inulin clearance [16]. In men, serum creatinine cut points day. Daily intakes of 30 to 35 kcal/kg/day are recom-
of 137 	mol/L [1.5 mg/dL; 90% sensitive (SN), 93% mended for individuals who are 60 years of age or older
specific (SP), for GFR 60 mL/min/1.73 m2], and 177 to maintain good nutritional status [1]. (5) A reported
	mol/L (2.0 mg/dL; 98% SN, 91% SP, for GFR 30 protein intake 0.5 g/kg/day. Daily intakes of at least
mL/min/1.73 m2) were used. For women, serum creati- 0.6 g/kg/day are recommended with high-energy intakes
nine cut-off points of 104 	mol/L (1.2 mg/dL; 88% SN, to maintain good nutritional status [1].
90% SP, for GFR60 mL/min/1.73 m2), and 146 	mol/L Associated conditions. Low income was defined as a
(1.6 mg/dL; 98% SN, 95% SP, for GFR 30 mL/min/ total combined family income less than US $20,000 per
1.73 m2) were used. year. Social isolation was defined as living alone and
Nutritional factors. Dietary [17, 18], anthropometric being together with relatives or friends less than 13 times
[19], bioimpedance, and laboratory [20] assessments are per year. Social assistance for nutrition was defined as
cities, churches, or other organizations providing fooddescribed in detail elsewhere. Twenty-four-hour energy,
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Table 1. Participants aged 60 and over (5248) who were analyzedto the participant. Physical limitation with meals was
to determine the association between renal insufficiency
defined as difficulty with activities of daily living (in- and malnutrition
cluded meal preparation) and difficulty with the act of
Excluded Included P valueeating. The following medical conditions were counted
N 1348 5248as present if participant recalled being told so by a physi-
Women 62.5 (1.6)% 56.0 (0.4)% 0.001
cian: cancer (other than skin), chronic obstructive lung Age years
60–69 40.6 (1.8)% 52.2 (0.5)% 0.001disease, congestive heart failure, diabetes mellitus, ar-
70–79 37.0 (1.9)% 34.1 (0.5)%thritis, and stroke. Serum C-reactive protein levels were

80 22.4 (1.2)% 13.7 (0.3)%  0.001
considered elevated if 6.0 mg/L (75th percentile of Poor self-reported health 14.4 (1.4)% 7.6 (0.5)% 0.001
Physical limitation with meals 3.7 (0.5)% 1.9 (0.2)% 0.001sample), and fibrinogen levels were considered elevated
Underweight, self-reported 7.5 (0.8)% 3.9 (0.3)% 0.001if 4.0 g/L [23].
Comparison of those selected for analysis with those excluded on the basis
of missing biochemical data for serum creatinine. NHANES III (Third NationalData analysis
Health and Nutrition Examination Survey), 1988–1994. Results reported as per-
centage (standard error).Data were analyzed using methodology that accounts
for the non-random, complex sampling design. Each
analysis was conducted only with complete information;
missing individual item data ranged from 0 to 11%, and
(1.4 to 3.2%) had a GFR less than 30 mL/min/1.73 m2.
methods of input were not used to complete missing
In female participants, 22.3% (20.3 to 24.4%) had a GFR
data. Composite variables for malnutrition and associ-
between 30 and 60 mL/min/1.73 m2, and 2.6% (2.0 toated conditions were created with complete data only.
3.2%) had a GFR less than 30 mL/min/1.73 m2. Partici-Participants with incomplete data were regarded as miss-
pants with a GFR below 30 mL/min/1.73 m2 were oldering. Sample weights were used to calculate prevalence
and more likely to be black. Lower strata of renal func-estimates and to account for oversampling and non-
tion were associated with lower energy and protein in-response to the household interview and physical exami-
take, and higher C-reactive protein and fibrinogen levels.nation. All analyses were conducted with WesVarPC
Each of these effects was consistent in both sexes, statisti-[25, 26] (Fay’s replication method), a statistical program
cally different from the referent group (GFR greaterappropriate for the analysis of complex sample survey
than 60 mL/min/1.73 m2), became more pronounced indata [27]. Weighted chi-squared tests or two-tailed t tests
a stepwise fashion as GFR declined in each strata, andwere used to examine differences between two propor-
was most marked in the group with worse renal function.tions or means, and P values of less than 0.05 were
In men, there was a trend for lower weight, decreasedconsidered significant without adjustment for multiple
muscle mass (corrected arm and thigh girth, bioelectricalcomparisons. Weighted logistic regression was used to
impedance skeletal mass, urinary creatinine) and de-derive odds ratios and 95% confidence intervals for renal
creased fat (skinfold width) in lower strata of renal func-insufficiency and malnutrition, adjusting for demo-
tion. Paradoxically, in women, there was a trend forgraphic, social and medical factors. All factors entered
higher weight and increased muscle mass (corrected arminto the regression model were defined a priori based
and thigh girth, urinary creatinine) in lower strata ofon author consensus and literature findings, and the re-
renal function.sults of this fully adjusted model are reported in the next
The distribution of criteria used to assess malnutritionsection.
is shown in Table 3. Malnutrition, as defined by the com-
posite of three or more criteria, was present in 3.2% (95%
RESULTS CI, 2.5 to 3.8%) of all participants; 2.7% (2.1 to 3.3%) of
participants with a GFR greater than 60 mL/min/1.73 m2,Table 1 compares interviewed participants excluded
and 3.9% (2.2 to 5.5%) of participants with a GFR be-from the analysis due to missing biochemical data for
tween 30 and 60 mL/min/1.73 m2, and 14.6% (7.5 to 21.8%)serum creatinine, with the 5248 participants included in
of participants with a GFR less than 30 mL/min/1.73 m2.the analysis. Excluded participants were more likely to
Thirty-one percent of the participants with malnutritionbe older and underweight, and have poorer health and
had a GFR less than 60 mL/min/1.73 m2.physical limitations with meals. Excluded participants
Demographic, social, and medical data for participantsalso were more likely to be poorly educated, have lower
without malnutrition compared with those with malnu-income, and have congestive heart failure, hypertension,
trition are shown in Table 4. In univariate analysis, fe-and stroke (data not shown).
male sex, black race, low income, no social assistanceDifferences in demographic and nutritional factors in
with meals, a physical limitation with meals, arthritis,three GFR strata are shown for men and women in Table
chronic obstructive lung disease, and congestive heart2. In male participants, 9.6% (95% CI, 8.2 to 11.0%)
had a GFR between 30 and 60 mL/min/1.73 m2, and 2.3% failure were associated with malnutrition. In univariate
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Table 3. Distribution of the criteria used for the to 1.9), and for GFR less than 30 mL/min/1.73 m2 was
determination of malnutrition
1.9 (1.2 to 3.1). When a protein intake less than 0.5 g/
Malnutrition kg/day was considered as the dependent variable in the
Absent Present fully adjusted regression model, then the adjusted odds
Variable (3 criteria) (
3 criteria) Total ratio for a GFR between 30 and 60 mL/min/1.73 m2 was
Number 4481 202 4683 statistically significant; the odds ratio for a protein intake
Albumin 37 g/L 13.8% 77.7% 15.8% less than 0.5 g/kg/day with a GFR of 30 to 60 mL/min/
Weight 63.9 kg men,
1.73 m2 was 2.0 (1.5 to 2.5), and for GFR less than 3051.8 kg women 10.3% 28.1% 10.8%
Serum cholesterol mL/min/1.73 m2 was 2.3 (1.5 to 3.7).
4.1 mmol/L 4.3% 32.0% 5.2%
Energy intake
15 kcal/kg/day 16.2% 86.6% 18.4% DISCUSSION
Protein intake
0.5 g/kg/day 11.4% 88.0% 13.8% Older persons are a demographic group at high risk
Missing data: 565 (10.8%) participants were excluded because of incomplete for malnutrition. In this study of older persons, serum
malnutrition assessment. creatinine was greater than 177 	mol/L in 2.3% of men
and greater than 146 	mol/L in 2.6% of women. In ter-
tiary-care patients, renal insufficiency has been associated
with malnutrition, a condition associated with significantanalysis, individuals with a GFR less than 30 mL/min/
morbidity and mortality. These results demonstrate that1.73 m2 were more likely to be malnourished than those
in noninstitutionalized adults 60 years of age and over,with a GFR above 60 mL/min/1.73 m2.
renal insufficiency was strongly associated with malnutri-In multivariate analysis, the regression model was ex-
tion. We have further shown that this association wasamined for fit (R2 value  0.08), and the fully adjusted
independent of a number of relevant social, demographiclogistic regression model is shown in Table 5. The ad-
and medical conditions.justed odds ratio for malnutrition with a GFR less than
A central question has been whether it is the comorbid30 mL/min/1.73 m2 compared with GFR greater than 60
conditions associated with renal insufficiency or whethermL/min/1.73 m2 was 3.6 (2.0 to 6.6).
it is the renal insufficiency itself that leads to malnutrition.In supplementary analysis, serum C-reactive protein
In this study, many demographic and medical comorbidand plasma fibrinogen terms were added to the fully
conditions (such as older age, lower income, physical limi-adjusted regression model. The adjusted odds ratio for
tations, and congestive heart failure) were independentlymalnutrition with a serum C-reactive protein greater
associated with malnutrition. These conditions clusteredthan 6.0 mg/L was 3.2 (1.8 to 5.5), and with a fibrinogen
in individuals with renal insufficiency (data not shown)greater than 4.0 g/L was 0.8 (0.4 to 1.7). While attenuating
and likely contribute to the prevalence of malnutritionthe point estimate of the odds ratio, these factors did
observed in tertiary-care patients with renal insufficiency.not change the statistical significance of the association
These conditions were also prevalent in older personsbetween a GFR less than 30 mL/min/1.73 m2 and malnu-
and likely contribute to the prevalence of malnutritiontrition; the adjusted odds ratio for a GFR less than 30
observed in older persons. However, it is probable thatmL/min/1.73 m2 and malnutrition was 2.9 (1.7 to 4.8).
renal insufficiency itself is an important cause of malnu-In supplementary analysis, a number of other regression
trition, even in older persons, who demonstrate manymodels were created, varying the sample examined (com-
other risk factors for malnutrition. Renal insufficiencyplete sample, extremes of sample), varying the depen-
was independently associated with malnutrition, evendent variable (different composite of malnutrition; ex-
after adjustment for relevant demographic, social andamining energy intake, protein intake and albumin in
medical conditions. The association between renal insuf-isolation), changing the method of quantifying renal
ficiency and malnutrition (which included nutritionalfunction (predicted creatinine clearance) [28], and
measures predictive of mortality) was strong (odds ratiochanging the predictors for malnutrition. All of these
of 3.6) and, for some measures, became more pronouncedmodels were examined for fit (R2 value 0.06 to 0.20). In
in a stepwise fashion as GFR declined in each stratum.all such models, a GFR of less than 30 mL/min/1.73 m2
Anorexia accompanied renal insufficiency, and decreasedcompared with a GFR greater than 60 mL/min/1.73 m2
nutrient intake was evident to a GFR less than 60 mL/was consistently associated with malnutrition. When an
min/1.73 m2. We considered that subtle comorbid condi-energy intake less than 15 kcal/kg/day was considered
tions not captured in the data could predispose to malnu-as the dependent variable in the fully adjusted regression
trition through generalized inflammation, as assessed bymodel, then the adjusted odds ratio for a GFR between
serum C-reactive protein and plasma fibrinogen. Serum30 to 60 mL/min/1.73 m2 was also statistically significant;
C-reactive protein, but not fibrinogen, was independentlythe odds ratio for an energy intake less then 15 kcal/kg/
day with a GFR of 30 to 60 mL/min/1.73 m2 was 1.5 (1.2 associated with malnutrition. However, renal insuffi-
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Table 4. Distribution of characteristics for participants to the presence of malnutrition
Malnutrition
Absent Present P value
Number 4481 202
Socio-demographic conditions
Women 56.1 (1.0)% 68.8 (4.3)% 0.01
Race
Non-Hispanic white 85.8 (1.2)% 71.2 (3.7)% 0.001
Non-Hispanic black 7.1 (0.2)% 21.5 (2.9)% 0.0001
Mexican American 2.3 (0.1)% 3.7 (0.9)% 0.10
Age years
60–69 52.8 (2.7)% 45.3 (5.0)% 0.19
70–79 34.6 (1.3)% 40.5 (5.0)% 0.26

80 12.5 (2.6)% 14.2 (3.6)% 0.50
Low income 47.0 (1.7)% 62.6 (4.4)% 0.001
Social isolation 2.2 (0.3)% 1.9 (0.7)% 0.80
Social assistance with meals 3.1 (0.3)% 1.4 (0.7)% 0.02
Physical limitation with meals 1.1 (0.2)% 7.4 (2.8)% 0.02
Medical conditions
Arthritis 43.8 (0.9)% 53.8 (4.5)% 0.03
Cancer 8.8 (0.6)% 14.3 (3.9)% 0.16
Chronic obstructive lung disease 12.2 (0.5)% 21.3 (3.9)% 0.02
Congestive heart failure 6.3 (0.4)% 17.7 (3.8)% 0.01
Diabetes mellitus 12.1 (0.5)% 16.1 (3.8)% 0.27
Stroke 6.2 (0.5)% 5.7 (2.0)% 0.82
Renal insufficiency
Glomerular filtration rates 30–60 mL/min/1.73 m2 16.3 (0.9)% 20.1 (3.8)% 0.31
Glomerular filtration rates 30 mL/min/1.73 m2 2.0 (0.2)% 10.8 (2.5)% 0.001
C-reactive protein 6.0 mg/L 20.2 (0.7)% 46.3 (8.0)% 0.0001
Plasma fibrinogen 4.0 g/L 13.6 (0.9)% 20.1 (3.7)% 0.05
Missing data: 565 (10.8%) participants were excluded because of incomplete malnutrition assessment. Results are reported as percentage (standard error).
ciency was still independently associated with malnutri-
tion after these terms were included in the regression
model. Furthermore, these same inflammatory markersTable 5. Odds ratios for malnutrition with selected
increased in a stepwise manner in both sexes in lowersocio-demographic conditions, medical conditions
and renal insufficiency from logistic regression GFR strata. This supports the belief that renal insuffi-
ciency itself is a catabolic, inflammatory condition [12].Adjusted
Variable odds ratio 95% CI These results are in keeping with current opinion, that
renal insufficiency causes malnutrition in a clinically im-Socio-demographic conditions
Age 70–79 1.1 0.6–1.8 portant way in all segments of the population.
Age 
80 1.0 0.6–1.7 Studying the association between renal insufficiencyWomen 1.6 1.0–2.5
and malnutrition in general populations is problematic.Non-Hispanic black 3.5 2.2–5.4
Mexican American 1.9 1.1–3.3 First, measures used to assess renal impairment have
Low income 1.5 1.1–2.2
limitations and are directly related to nutrition. For ex-Social isolation 0.6 0.3–1.2
Physical limitation with meals 4.6 1.5–14.6 ample, predictive equations for renal function are cou-
Medical conditions pled with age, body size [28], and serum albumin [29].
Arthritis 1.0 0.6–1.6
Serum creatinine, the universally used measure to assessCancer 1.7 0.8–3.8
Chronic obstructive lung disease 1.8 1.1–2.9 GFR, is higher in individuals with a larger muscle mass.
Congestive heart failure 2.0 1.0–3.7 If serum creatinine is used as the sole measure to identify
Diabetes mellitus 1.0 0.5–1.8
low GFR, then well-nourished individuals with largerStroke 0.5 0.2–1.1
Renal insufficiency muscle mass will be categorized as having a lower GFR
GFR 30–60 mL/min/1.73 m2 1.2 0.7–2.0 than is truly the case. Similarly, poorly nourished individ-GFR 30 mL/min/1.73 m2 3.6 2.0–6.6
uals with lower muscle mass will be categorized as having
Missing data: 565 (10.8%) participants were excluded because of incomplete
a misleadingly higher GFR. This principle likely explainsmalnutrition assessment.
Reference categories were age 60–69, men, Non-Hispanic white or other the discordant increase in muscle mass (weight, corrected
ethnicity, and the absence of low income, social isolation, physical limitation,
arm and thigh girth, urinary creatinine) seen here inarthritis, cancer, chronic obstructive lung disease, congestive heart failure, diabe-
tes mellitus and stroke, respectively. For renal insufficiency, reference category women in lower strata of GFR. While inulin and other
was a glomerular filtration rate (GFR) 60 mL/min/1.73 m2; CI, confidence
interval. intravenous techniques for accurate estimation of GFR
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would avoid this difficulty, their use in large samples is even stronger in nonparticipants and in those individuals
not feasible. Second, all methods of defining malnutrition excluded from this analysis because of missing data. Fi-
are subjective, and each has limitations [30]. In some nally, in grouping the participants into those with and
cases, it may be inappropriate to use measures validated without malnutrition, some participants identified as not
in healthy samples in the assessment of patients with having malnutrition still demonstrated one or two crite-
renal disease: for example, the presence of edema may ria for malnutrition. The independent association be-
influence anthropometric measures and bioelectrical im- tween renal insufficiency and malnutrition became even
pedance measurements. Third, the best epidemiologic stronger when participants with three or more criteria
design to study causes of malnutrition for exposures such for malnutrition were compared solely with participants
as renal insufficiency would be a prospective longitudinal with no criteria for malnutrition (data not shown).
cohort study that accurately accounts for important con- Although univariate analysis showed a stepwise de-
founding factors. However, accurate assessment of nutri- cline in a number of markers of malnutrition (in particu-
tional status is resource intensive, and there are few lar protein intake) across the GFR strata, the adjusted
cohort studies assessing the risk of general medical con- analysis showed that only the lowest stratum of renal
ditions on malnutrition. Even in NHANES III, which insufficiency was independently associated with malnu-
was a comprehensive cross-sectional assessment of nutri- trition as per our definition. A GFR less than 30 mL/
tional status, important conditions such as depression, min/1.73 m2 was associated with an approximate 3.5-fold
gastrointestinal conditions, and recurrent infections were increase in malnutrition, and the prevalence of malnutri-
not measured in older persons. The use of cross-sectional tion in this stratum was approximately one in every seven
data is a further limitation when characterizing the asso- participants. This may have implications for practice.
ciation between renal insufficiency and malnutrition. Sin- While the association between very late referral to
gle time-point measurements for serum creatinine and nephrologists (within a month or so of dialysis) and in-
dietary intake may be subject to considerable day-to- creased morbidity has long been recognized, the optimal
day variation and may not give as good an estimate timing of referral remains a subject of interest and debate
as a number of measurements. Furthermore, while one [32]. In particular, identification of a level of GFR be-
would expect that the direction of causality would be yond which the various manifestations and complications
that renal insufficiency leads to anorexia, catabolism, of chronic renal insufficiency become common would be
and malnutrition, this cannot be ascertained in data such helpful. We believe that identification of a GFR of 30
as these. It is also possible that confounding factors not mL/min/1.73 m2 as a suitable threshold for referral from
accounted for in the analysis might cause both renal the viewpoint of prevention and treatment of nutritional
insufficiency and malnutrition and explains in part the
complications of renal insufficiency is a part of the an-
association between renal insufficiency and malnutrition.
swer to this question. This threshold is in keeping withRecognizing these difficulties, a few aspects of the
observations from tertiary care patients [7, 8] and withpresent study are notable. Mathematical coupling occurs
recent clinical practice guidelines [33].between two complex derived variables (such as malnu-
In conclusion, clinical, biochemical and epidemiologictrition and renal insufficiency) when certain common
evidence makes it probable that renal insufficiency is asterms (such as age, sex, albumin, or weight) are used
an important independent risk factor for malnutrition,in the derivation of both variables [31]. We selected
mediated in part through anorexia and inflammation.measures of malnutrition and renal function with the
Older persons are a demographic group at high risk foraim of avoiding mathematical coupling between the two
malnutrition. In this study of community-dwelling oldermeasures. Our primary outcome of nutrition was a com-
adults, renal insufficiency was strongly associated withposite measure derived from different aspects of nutri-
malnutrition independent of relevant demographic, so-tional assessment (anthropometric, dietary recall, and
cial and medical conditions. At this time the cut-offserum data). The association between renal insufficiency
points for serum creatinine used in the present studyand malnutrition was strong and, for some measures,
serve as a useful measure for health care practitionersincreased in a stepwise manner as GFR declined in each
to direct management [16]. In men and women whosestratum. This association was also consistent for different
serum creatinine exceeds 177 and 146 	mol/L, respec-definitions of malnutrition and for different methods of
tively, the presence of malnutrition should be consid-assessing renal function (data not shown). Furthermore,
ered, prevented, and treated as possible. Likewise, iden-this association was present in the healthiest segment of
tification of renal insufficiency should be included as anthe elderly population; institutionalized individuals were
important component of the nutritional assessment ofnot studied, and there was evidence that the sample
older adults. Future work should focus on confirminganalyzed consisted of healthier community-dwelling
these cross-sectional findings in prospective longitudinalolder adults (Table 1). It is possible that the association
between renal insufficiency and malnutrition might be studies.
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